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TITLE 

A hydrophilic coating and a method for the preparation thereof 
FIELD OF THE INVENTION 

The present invention relates to a hydrophilic coating. Furthermore, the invention 
5 relates to a medical device provided with such a hydrophilic coating and a 
method for providing a medical device or other product with a hydrophilic coating 
as well as the use of a water soluble compound in the preparation of a medical 
device or instrument comprising a hydrophilic coating being crosslinked. 

BACKGROUND OF THE INVENTION 

10 It is known to coat medical devices, e.g. catheters for introduction into human 
cavities such as blood vessels, digestive organs and the urinary system, with a 
hydrophilic coating, normally as a minimum applied on that part of the surface 
which is introduced or comes into contact with mucous membranes, etc., during 
introduction of the device. Whereas such coating is not particularly smooth when 

15 dry, so that the handling of the device does not become inconvenient, it becomes 
extremely slippery when it is swelled with water, preferably immediately before 
introduction into the human body and thus ensures a substantially painless intro- 
duction with a minimum of damage on tissue. 

A large number of methods are known for the production of hydrophilic surface 
20 coatings. 

These methods are mainly based on the fact that the substrate to be provided 
with a hydrophilic surface coating, in the course of one or more process stages 
with intermediary drying and curing, is coated with one or more (mostly two) lay- 
ers, which are brought to react with one another in various ways, e.g. by polym- 
25 erisation initiated by irradiation, by graft polymerisation, by the formation of 
interpolymeric network structures, or by direct chemical reaction. Known hydro- 
philic coatings and processes for the application thereof are e.g. disclosed in 
Danish Patent No. 159,018, published European Patent Application Nos. 
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EP 0 389 632, EP 0 379 156, and EP 0 454 293, European Patent No. 
EP 0 093 093 B2, British Patent No. 1,600,963, US Patent Nos. 4,119,094, 
4,373,009, 4,792,914, 5,041,100 and 5,120,816, and into PCT Publication Nos. 
WO 90/05162 and WO 91/19756. 

5 According to a method disclosed in US Patent No. 5,001,009, a hydrophilic sur- 
face coating is prepared on a substrate by applying, in two stages or in one com- 
bined stage, on the substrate a reactive or an adhesive primer layer and then the 
actual hydrophilic surface layer which, in this case, comprises polyvinylpyr- 
rolidone [PVP] as the active constituent. By this method, no chemical reaction 
10 takes place between the components of the two layers applied. 

Where a device of said type, e.g. a catheter for intermittent catherisation, is to re- 
main inside the body only for a short period, there may be a risk that water will be 
extracted from the hydrophilic surface coating and into the body fluids in the sur- 
rounding mucous membranes etc., owing to the higher osmotic potential of said 
15 body fluids. As a result of the extraction of water, the hydrophilic surface coating 
will have a tendency to become less slippery and to stick to surrounding tissues, 
and the removal of the medical device from the body may cause pain or damage 
the tissue. This is especially a problem when carrying out urodynamic examina- 
tions via a catheter. 

20 European Patent No. EP 0 217 771 describes a method of forming a hydrophilic 
coating in order to retain the slipperiness for a longer period of time by applying a 
non-reactive hydrophilic polymer surface layer to a substrate, applying to the 
non-reactive hydrophilic surface polymer a solution comprising a solvent and 
above 2% (weight per volume) of an osmolality-increasing compound selected 

25 from the group consisting of mono and disaccharides, sugar alcohols, and non- 
toxic organic and inorganic salts, with the proviso that the osmolality-increasing 
compound is not a trihalogenide such as Kl 3 (Kl/I 2 ), and evaporating the solvent. 
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International patent publication No. WO 94/16747 discloses a hydrophilic coating 
with improved retention of water on a surface, especially a surface of a medical 
device such as a urethra catheter, prepared by applying to the surface in one or 
more process steps at least one solution of components that will combine to form 
5 the hydrophilic coating. During the final step, the surface is coated with an osmo- 
lality promoting agent which is dissolved or emulgated in the solution or in the 
last solution to be applied, forming the hydrophilic coating. WO 94/16747 does 
not disclose cross-linked coatings. 

WO 89/09246 discloses solid shaped structures having a surface coated with 
10 crosslinked hydrophilic polymer, the coating being durable and exhibiting a low 
coefficient of friction when wet. It is stated that the degree of crosslinking is criti- 
cal and is to be controlled by the operating conditions chosen as too much 
crosslinking reduces or completely eliminates the low friction surface property, 
and too little crosslinking negatively affects the durability of the coating. WO 
15 89/09246 does not disclose the presence of a water soluble or osmolality- 
increasing compound in the coating. 

Although a hydrophilic coating including an osmolality-increasing agent shows 
improved properties as compared with conventionally prepared hydrophilic sur- 
face coatings, there is still a need of medical devices, especially catheters with a 
20 hydrophilic coating conserving the slipperiness for a longer period of time in or- 
der to ensure that the coating has not lost its effect when e.g. a catheter is to be 
retracted. 

BRIEF DESCRIPTION OF THE INVENTION 

It has surprisingly been found that a medical device or instrument having a cross- 
25 linked hydrophilic coating comprising a water soluble compound shows a signifi- 
cant increased water retention and a significant decrease of the friction coeffi- 
cient against living tissue as compared to a device or instrument having a 
cross-linked hydrophilic coating without a water soluble compound. 
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Thus, the present invention relates to a hydrophilic coating comprising a cova- 
lently cross-linked hydrophilic polymer and a water soluble compound and to a 
method for the preparation thereof Furthermore, the invention relates to a medi- 
cal device provided with such a hydrophilic coating and a method for providing a 
5 medical device or other product with a hydrophilic coating comprising a cross- 
linked hydrophilic polymer and a water soluble compound as well as the use of a 
water soluble compound in the preparation of a medical device or instrument 
comprising a cross-linked hydrophilic coating. 

DETAILED DESCRIPTION OF THE INVENTION 

10 in its broadest aspect, the invention relates to a hydrophilic coating comprising a 
cross-linked hydrophilic polymer and a water soluble agent. 

Thus, it has been found that crosslinked hydrophilic coating systems containing a 
low molecular weight water soluble organic or inorganic compound show a sig- 
nificant increase in water retention and a significant decrease in friction coeffi- 
15 cient against living tissue as compared to non-cross-linked or physically 
cross-linked hydrophilic polymers of the same types containing osmolality in- 
creasing ingredients. 

Generally, cross-linked coatings show a higher abrasion resistance as compared 
to the non-cross-linked or physically cross-linked hydrophilic coatings. Without 

20 restricting the invention to any specific hypothesis it is assumed that the very low 
friction coefficients of the coatings of the invention as compared to existing non- 
cross-linked or physically cross-linked hydrophilic coatings as well as the higher 
durability of the coatings of the invention is to be ascribed to the fact that the 
coating of the invention is covalently crosslinked and that the water soluble com- 

25 pound is readily dissolved and leached out of the coating when wetting the same 
before use leaving interspaces in the crosslinked hydrophilic coating comprising 
water physically bound in the coating. Thus, the coating shows a very low friction 
and the water only slowly leaves the coating which contributes to the conserva- 
tion of the slipperiness of the coating. 
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It is especially preferred that the cross-linking is effected through polymerisation 
of vinylic unsaturated groups as such cross-linking is relatively simple to control 
and has proven to produce hydrophilic coatings having a low friction coefficient 
and high durability. Other preferred cross-linking may be obtained using polycar- 
5 boxyl or polyhydroxyl compounds such as polyacrylic acid or polyethylene glycols 
and optionally isocyanates forming cross-linked polyurethanes 

Cross-linking of hydrophilic coatings according to the invention may be effected 
by radiation and is preferably effected by activation using UV light. 

The water soluble compound used according to the invention may be any com- 
10 pound that ensures the desired slipperiness of the hydrophilic coating when 
moistened. 

The water soluble compound used according to the invention may preferably be 
selected from mono, di and oligosaccharides, sugar alcohols, polypeptides, non 
toxic organic salts, inorganic salts, organic acids, inorganic acids, urea and mix- 
15 tures hereof. 

Thus, the water soluble compound may be selected from glucose, sorbitol, hal- 
ides, nitrates, acetates, citrates or benzoates of alkali metals or alkaline earth 
metals or silver such as sodium chloride, sodium citrate, sodium benzoate, cal- 
cium chloride, potassium chloride, potassium iodide or potassium nitrate; acetic 
20 acid, amino acids such as glycine and urea. The compound or mixture of com- 
pound is preferably non-toxic and may be soluble or insoluble in the solution into 
which the compound is incorporated. It is preferred when the osmolality- 
increasing compound or mixture may be incorporated into a solution by dissolu- 
tion or emulsification. 

25 Especially preferred are hydrophilic coatings according to the invention compris- 
ing sodium chloride or urea. 
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In hydrophilic coatings according to the invention sodium chloride or urea may be 
used in an amount of 0.1 - 200 % (w/w) on the basis of the dry hydrophilic coat- 
ing giving rise to hydrophilic coatings showing even lower friction coefficient than 
that of known hydrophilic coatings comprising an "osmolality-increasing com- 
5 pound". Preferably, sodium chloride or urea is present in an amount of 1 - 80 % 
(w/w), more preferred in an amount from 2 to 30 % (w/w). 

The cross-linked hydrophilic coating may be any cross-linked coating. 

The cross-linked hydrophilic coating may e.g. be of the type disclosed in Euro- 
pean patent application No. EP 0 289 996 A2. Such a coating is formed and ap- 

10 plied to a medical device or instrument in the form of a solution containing a 
water-soluble polymer, more particularly polyvinylpyrrolidone or a copolymer 
thereof, one or more radically polymerisable vinyl monomers and a photo initiator 
and the applied solution is exposed to an UV radiation for curing purposes. The 
osmolality-increasing compound is incorporated in the solution applied to the 

15 medical device or instrument. 

The cross-linked hydrophilic coating may also comprise a cross-linked hydro- 
philic polymer wherein the polymer comprises a prepolymer containing reactive 
sites cross-linkable through polymerisation of vinylic unsaturated groups and op- 
tionally one or more saturated polymers crosslinked through vinylic groups. In 
20 this case, the water soluble compound is also incorporated in a sol or solution of 
a hydrophilic prepolymer containing reactive sites cross-linkable through polym- 
erisation of vinylic unsaturated groups and optionally one or more hydrophilic 
polymers to be coated onto the medical device and cross-linked by activation 
through UV-light or radiation and optionally hydrolysed and optionally neutralised. 

25 The cross-linked hydrophilic coating may also be a hydrophilic coating compris- 
ing a cross-linked polyvinylpyrrolidone or a copolymer of N-vinylpyrrolidone and 
optionally a photo initiator. 
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A hydrophilic coating according to the invention may be used for coating the sur- 
face or a part thereof of a wide range of products in order to impart give the sur- 
face a low friction. As examples of products which may be provided with a 
surface having a low friction when wet are medical instruments such as cathe- 
5 ters, endo and laryngoscopes, tubes for feeding, or drainage or endotracheal 
use, condoms, barrier coatings, e.g. for gloves, wound dressings, contact lenses, 
implantates, extracorporeal blood conduits, membranes e.g. for dialysis, blood 
filters, devices for circulatory assistance, packaging for foodstuff, razor blades, 
fishermen's net, conduits for wiring, water pipes having a coating inside, sports 
10 articles, cosmetic additives, mould release agents, and fishing lines and nets. 

Furthermore, the invention relates to a medical device or instrument provided 
with a hydrophilic coating comprising a cross-linked hydrophilic polymer, said 
coating comprising a water soluble compound. 

The invention especially relates to catheters for intermittent catherisation pro- 
15 vided with such a cross-linked hydrophilic coating. 

The medical device of the invention is preferably a catheter. The components of 
a cross-linked hydrophilic coating may be applied onto a catheter made from 
PVC or polyurethane. 

In accordance preferred embodiment of the invention the coatings comprise an 
20 antibacterial agent such as a silver salt, e.g. silver sulphadiazine, an acceptable 
iodine source such as povidone iodine (also called polyvinylpyrrolidone iodine), 
chlorhexidine salts such as the gluconate, acetate, hydrochloride or the like salts 
or quaternary antibacterial agents such as benzalkonium chloride or other anti- 
septics or antibiotics. Antibacterial agents reduces the risk of infection, especially 
25 when performing urodynamic examinations. 

Still further, the invention relates to a method of producing a medical device or 
instrument having a hydrophilic coating of a cross-linked hydrophilic polymer, 
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said coating comprising a water soluble compound, in which method is applied, 
in one or more steps, a solution of a hydrophiiic polymer or prepolymer and op- 
tionally a monomer, oligomer or polymer and a water soluble compound, the sol- 
vent is evaporated and the coating is cross-linked by activation through radiation 
5 and optionally hydrolysing and optionally neutralising the hydrophiiic coating. 

The method according to the invention may be carried out in a manner where a 
first primer layer is first applied to the substrate. This primer layer may for in- 
stance be a cross-linked primer layer, e.g. based on PVP, or a non-cross-linked 
primer layer based on nitro-cellulose applied in a solution. After drying of the 

10 primer layer, an outer layer is applied consisting of a solution of polyvinylpyr- 
rolidone in a solvent selected from among tetrahydrofuran, methyl(ene) chloride, 
toluene, acetone, a lower aliphatic alcohol, cyclohexanone, C 2 -C 4 -alkyl acetates, 
butyrolactone, and dimethylformamide, the most important constituent being 
ethyl alcohol. According to the invention, this solution contains the water soluble 

15 compound. 

The term "urea" used herein should be understood to comprise urea as well as 
which has been N-substituted or N.N-disubstituted by lower alkyl. 

"Lower alkyl" is used in the present context to designate straight or branched or 
cyclic aliphatic groups having from 1 to 6 carbon atoms, preferably from 1 to 4 
20 carbon atoms such as methyl, ethyl, propyl, isopropyl or n, iso or tertbutyl. 

MATERIALS AND METHODS 

Method for Determination of the Friction and Water Retension. 

The Standard Test Method for Static and Kinetic Coefficient of Friction of Plastic 
Film and Sheeting, ASTM D 1894 - 93 was modified for testing the friction coeffi- 
25 cient and wear on plastic tubes and catheters. 
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The tubes or catheters were cut in lengths of 10 cm and fixed on a stainless steel 
plate with two stainless steel rods as shown in ASTM D 1894 - 93. The rods had 
diameters comparable with the inner diameter of the tubes or catheters to keep 
their shape even when heavy sledges were placed upon them. 

5 

The friction was determined under water or after wetting by dipping in water for 1 
minute. The pulling force from the sledge was measured in Newtons. 

Water retension of the coatings was determined by measuring the friction for up 
to 16 or 18 minutes after dipping the tubes in water for determining the time to 
10 reach dryness. 

Polyvinylpyrrolidone: Plasdone® K90 Povidone USP from International Speciality 
Products. 

Ethanol: Absolute Alcohol. 

Butyroiactone: Gamma-butyrolactone from International Speciality Products. 

15 UV catalyst: ESACURE KIP 150 from Lamberti SpA. 

The invention is further explained in detail with reference to the below working 
examples disclosing embodiments of the invention. The embodiments are illus- 
trative of the principles of the invention and it is clear to the skilled in the art that 
modifications may be made without deviating from the gist of the invention, the 

20 scope of which is set forth in the appended claims. 
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EXPERIMENTAL PART 
EXAMPLE A 

Preparation of a catheter having a cross-linked hydrophilic PVP coating. 

4.9 parts of PVP K 90 and 0.1 parts ESACURE KIP 150 was dissolved in 95 
5 parts of an ethanoi/gamma butyroiactone (85/15) solvent mixture and used as a 
primer coat. PVC-catheters were dipped in the primer solution and dried in an 
oven for 1 minute at 60°C before dipping in a solution of 4 parts of PVP K 90 dis- 
solved in 96 parts of an ethanol/gamma butyroiactone (85/15) solvent mixture. 
After drying for 30 minutes the PVC-catheters were exposed to UV-light with a 
10 wave length between 200 and 300 nm for 5 minutes. 

EXAMPLE B 

Preparation of a catheter having a hydrophilic coating. 

PVC-catheters were dipped in a primer solution of 4 parts of a medical grade 
thermoplastic polyurethane and 2 parts of nitrocellulose dissolved in 94 parts of 
15 THF and afterwards dried in an oven for 15 minutes at 60°C. 

4.0 parts of PVP K 90 was dissolved in 96 parts of an ethanol/gamma butyroiac- 
tone (85/15) solvent mixture and coated onto the PVC-catheters and dried 1 hour 
in an oven at 60°C. 

EXAMPLE 1. 

20 Preparation of a catheter according to the invention having a cross-linked hydro- 
philic coating comprising urea. 

PVC-catheters were dipped in the primer solution as made in Example A, after 
drying 1 minute at 60°C the catheters were dipped in a topcoat solution of 3.36 
parts of PVP K 90 and 0.64 parts of urea dissolved in 96 parts of an 
25 ethanol/gamma butyroiactone (85/15) solvent mixture. The coating was further 
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dried in an oven for 30 minutes at 60°C and exposed to UV-light with a wave 
length between 200 and 300 nm for 5 minutes. 

COMPARATIVE EXAMPLE 1 

Preparation of a catheter having a non- crosslinked hydrophilic coating compris- 
5 ing urea. 

PVC-catheters were dipped in the PU/nitrocellulose primer solution as made in 
comparative Example B and dried for 15 minutes before they were dipped in the 
PVP-solution containing 3.36 parts of PVP K 90, 0.64 parts of urea and 96 parts 
of an ethanol/gamma butyrolactone (85/15) solvent mixture. The catheters were 
1 0 further dried 1 hour. 

EXAMPLE 2 

Preparation of a catheter according to the invention having a cross-linked hydro- 
philic coating comprising sodium chloride. 

PVC-catheters were dipped in the primer solution as made in Example A. and 
15 dried for 1 minute at 60°C. Then the catheters were dipped in the PVP-solution of 
3.6 parts of PVP K 90 and 0,4 parts sodium chloride dissolved in 96 parts of an 
ethanol/gamma butyrolactone/water (64/20/16) solvent mixture. The catheters 
were further dried for 30 minutes and exposed to UV-light with a wave length 
range between 200 and 300 nm. for 5 minutes. 

20 COMPARATIVE EXAMPLE 2 

Preparation of a catheter having a non- crosslinked hydrophilic coating compris- 
ing sodium chloride. 



PVC-catheters were dipped in the PU/nitrocellulose primer solution as made in 
the comparative Example B and dried for 5 minutes before they were dipped in 
25 the PVP-solution containing 3.6 parts of PVP K 90 and 0,4 parts sodium chloride 
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dissolved in 96 parts of an ethanol/gamma butyrolactone/water (64/20/16) sol- 
vent mixture. 

The result of determination of the friction force of the 6 hydrophilic coatings is 
shown in table 1. The figures are means of 3 readings. 

5 Table 1 

Friction force measured on cross-linked and non cross-linked PVP coatings and 
cross-linked and non cross-linked PVP coatings comprising low molecular 
weight compounds, urea or sodium chloride. 



Example 


A 


B 


1 


Comp 1 


2 


Comp 2 


Initial reading (N) 


0.10 


0.07 


0.03 


0.07 


0.10 


0.3 


After 2 min (N) 


0.11 


0.08 


0.03 


0.07 


0.10 


0.7 


After 4 min (N) 


dry 


0.22 


0.03 


0.08 


0.11 


dry 


After 6 min (N) 




dry 


0.03 


0.10 


0.3 




After 8 min (N) 






0.04 


dry 


dry 




After 10 min (N) 






0.04 








After 12-18 min (N) 






dry 









It appears from the table that the coatings of the invention are superior with re- 
10 spect to retaining low friction as compared to coatings not being cross-linked and 
coatings not being cross-linked but comprise an osmolality increasing agent. 

EXAMPLE 3 

Preparation of a tube having a hydrophilic coating according to the invention. 



A dispersion of polyisocyanate was prepared from 50 parts of a 
15 PVP/hydroxyethylmethacrylate-copolymer having 10 mole % HEMA, 10 parts 
polyethylenegiycol having M w =1 0,000, 30 parts of polyisocyanate (Bayhudur® 
VP LS 2032 from Bayer AG) and 10 parts of sodium chloride in the form of a 
10% dispersion in water. Tubes of polyurethane were dipped into the dispersion 
and dried at 70°C for three hours in an oven. The coating showed a low friction 
20 coefficient and high abrasion resistance. 
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EXAMPLE 4 

Leaching of water soluble compound from coating of the invention. 

A catheter having a coating of 5 microns dry thickness according to the invention 
prepared according to Example 1 was tested for leaching of urea in water after 
5 30 seconds and 24 hours. 

The catheter was dipped in 60 milliliters of water and the concentration of urea 
was determined by a spectrophotometric method after 30 seconds and 24 hours 
respectively. The coating swells to about 80 microns. It is assumed that all urea 
had been leashed from the coating after 24 hours. The concentration of urea in 
10 the liquid was 0.0348 grams per liter after 30 seconds and 0.0373 grams per liter 
after 24 hours. Thus, 93.3% of the urea is leached out of the coating after 30 
seconds and the urea remaining in the coating corresponds to 0.06% of the in- 
clusion water of the coating. 

Based on the results it is demonstrated that the coating of the invention has a 
15 low friction coefficient although being hypotonic. 
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CLAIMS 

1. A hydrophilic coating comprising a covalently cross-linked hydrophiiic poly- 
mer, said coating comprising a water soluble compound. 

2. A hydrophilic coating as claimed in claim 1, characterised in that the hydro- 
5 phiiic polymer is cross-linked via vinylic groups. 

3. A hydrophilic coating as claimed in claim 1 or 2, characterised in that the wa- 
ter soluble compound is selected from mono, di and oligosaccharides, sugar al- 
cohols, polypeptides, non toxic organic salts, inorganic salts, organic acids, 
inorganic acids, urea and mixtures hereof: 

10 4. A hydrophilic coating as claimed in claim 3, characterised in that the water 
soluble compound is selected from glucose, sorbitol, halides, nitrates, acetates, 
citrates or benzoates of alkali metals or alkaline earth metals or silver such as 
sodium chloride, sodium citrate, sodium benzoate, calcium chloride, potassium 
chloride, potassium iodide or potassium nitrate; acetic acid, glycine and urea. 

15 5. A hydrophilic coating as claimed in any of claims 1 - 4, characterised in that 
the water soluble compound is present in an amount of 0.1 - 200 % (w/w) on the 
basis of the hydrophilic coating. 

6. A hydrophilic coating as claimed in claim 5, characterised in that the water 
soluble compound is present in an amount of 2 - 80 % (w/w). 

20 7. A hydrophilic coating as claimed in any of claims 1 - 6, characterised in that 
the water soluble compound is urea. 

8. A hydrophilic coating as claimed in any of claims 1-7, characterised in that the 
cross-linked coating contains an antibacterial agent. 
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9. A medical device or instrument having a hydrophilic coating comprising a 
cross-linked hydrophilic polymer, said coating comprising a water soluble 
compound. 

10. A method of producing a medical device or instrument having a hydrophilic 

5 coating comprising a cross-linked hydrophilic polymer, said coating comprising a 
water soluble compound, characterised in applying, in one or more steps, a solu- 
tion of a hydrophilic prepolymer and optionally a monomer, oligomer or polymer 
and a water soluble compound, evaporating the solvent and cross-linking the 
coating by activation through radiation and optionally hydrolysing and optionally 
10 neutralising the hydrophilic coating. 
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